Inadequate host defenses may partly explain the problem of recurrent peritonitis in patients on continuous ambulatory peritoneal dialysis. It has been suggested that these defenses may be adversely affected by the fluids used for dialysis, and so we examined the effects of unused, effluent, and infected peritoneal dialysis fluids on phagocytosis and killing by normal neutrophils. We Peritonitis is a major cause of morbidity in patients on continuous ambulatory peritoneal dialysis (CAPD), the infection being commonly caused by Staphylococcus epidermidis (15). However, despite the low virulence of this organism and the small numbers of bacteria grown from the infected effluent dialysate (15), the infection can be difficult to eradicate and frequently recurs after apparently adequate courses of antibiotics (7, 11). One reason for the protracted infection may be that the peritoneal cavity does not provide a supportive environment for normal host defenses when used for CAPD. Results of previous work suggest that dialysate fluids inhibit phagocytosis of heat-killed zymosan particles, immune complexes, and Escherichia coli and S. epidermidis cells by neutrophils (1, 5, 10) and have shown reduced killing of S. aureus and E. coli cells (2, 5). As S. epidermidis causes the majority of infections, we investigated the effects of unused, effluent, and infected dialysate fluids on neutrophil phagocytosis and killing of this organism. We used a method which was sensitive over the early stages of neutrophil activity and which allowed killing to be assessed independently of phagocytosis under the same test conditions. We also tested a fungal species, Candida guilliermondii, to compare the neutrophil activity against both a bacterium and a fungus in the presence of the dialysates tested.
Peritonitis is a major cause of morbidity in patients on continuous ambulatory peritoneal dialysis (CAPD), the infection being commonly caused by Staphylococcus epidermidis (15) . However, despite the low virulence of this organism and the small numbers of bacteria grown from the infected effluent dialysate (15) , the infection can be difficult to eradicate and frequently recurs after apparently adequate courses of antibiotics (7, 11) . One reason for the protracted infection may be that the peritoneal cavity does not provide a supportive environment for normal host defenses when used for CAPD. Results of previous work suggest that dialysate fluids inhibit phagocytosis of heat-killed zymosan particles, immune complexes, and Escherichia coli and S. epidermidis cells by neutrophils (1, 5, 10) and have shown reduced killing of S. aureus and E. coli cells (2, 5) . As S. epidermidis causes the majority of infections, we investigated the effects of unused, effluent, and infected dialysate fluids on neutrophil phagocytosis and killing of this organism. We used a method which was sensitive over the early stages of neutrophil activity and which allowed killing to be assessed independently of phagocytosis under the same test conditions. We also tested a fungal species, Candida guilliermondii, to compare the neutrophil activity against both a bacterium and a fungus in the presence of the dialysates tested.
MATERIALS AND METHODS
Preparation of neutrophils. Blood was drawn from healthy volunteers into preservative-free heparin, and the neutrophils were separated by centrifugation over Ficoll-Hypaque (specific gravity, 1.114) (Monopoly Resolving medium; Flow Laboratories, Rickmansworth, England) (6 None" (n = 5) None" (n = 5) Dialysate + 5% serum (6.3) -0.11 ± 0.005 (n = Immunoglobulin and complement estimations were performed on all effluent dialysates by turbidometry (3) . By this method, the lowest detectable levels for immunoglobulin and complement were as follows: immunoglobulin G (IgG), 0.07 g/liter; IgA, 0.02 g/liter; IgM, 0.008 g/liter; C3, 0.29 g/liter; and C4, 0.06 g/liter.
Phagocytosis and killing assay. The method used for the phagocytosis and killing assay has been fully described previously (9) . Briefly, neutrophils and either S. epidermidis (at 4 x 107/ml) or C. guilliermondii (at 8 x 106/ml) were mixed together in the test medium to give a final ratio of neutrophils to organisms of 1:8 and 1:5, respectively. Samples were removed from the mixture immediately after mixing (zero time) and at 2, 5, 10, and 20 min and added to EDTA to prevent further phagocytosis. After 20 min the remaining mixture was sonicated with an ultrasonic disintegrator at setting 5 Table 3 ). The pH of all effluents tested was in the physiological range of 7.3 to 7.9. However, there was still no detectable phagocytosis and therefore no killing of either S. epidermidis or C. guilliermondii. Addition of fresh serum or use of preopsonized organisms fully corrected the phagocytosis. However, in contrast to results obtained with unused dialysate, intracellular killing of S. epidermidis and C. guilliermondii was abnormal whether unopsonized organisms were tested in the presence of fresh serum or whether preopsonized organisms were used. These results suggest that effluent dialysate contains a substance or substances which inhibit killing by neutrophils. As killing was normal in fresh dialysate containing 5% normal serum, experiments were performed in which pooled effluent dialysate from three patients was progressively diluted with fresh dialysate and serum was added to a final concentration of 5% (vol/vol) (four experiments). Phagocytosis of both S. epidermidis and C. guilliermondii in these media was normal at all dilutions, as expected. Intracellular killing of C. guilliermondii was found to be normal when the effluent dialysate was diluted 1:3 with fresh dialysate. In contrast, killing of S. epidermidis was found to be lower than that of C. guilliermondii at all dilutions and was still low at a dilution of 1:15 ( Fig. 1) .
Effect of infected effluent on neutrophil function. Rates of phagocytosis of S. epidermidis and C. guilliermondii in infected effluent are shown in Table 4 . There was a wide scatter of results, phagocytosis being normal in some effluents but not taking place at all in other effluents. When phagocytosis occurred, killing was abnormal.
Immunoglobulin and complement results. In uninfected (Table 4) .
DISCUSSION
We have demonstrated that neutrophil function is adversely affected by unused, effluent, and infected dialysates because of low pH and lack of opsonins in fresh unused dialysate and lack of opsonins and the presence of an inhibitor of killing in effluent and infected dialysates. We have shown that these factors results in impaired neutrophil activity against S. epidermidis, the commonest cause of CAPD peritonitis, and that killing of this organism is especially affected. These results thus confirm and extend those of Duwe et al. (5), who showed abnormal phagocytosis of immune complexes and reduced killing of E. coli in fresh dialysate, and the work of Keane et al. (10) , who demonstrated reduced opsonic activity for E. coli and S. epidermidis in uninfected effluent dialysate. Effluent dialysate was also shown by Alobaidi et al. (1) to inhibit phagocytosis of unopsonised zymosan by both neutrophils and peritoneal macrophages. The low pH of fresh dialysate may not be an important clinical factor, as we have shown that normal neutrophil function is achieved at pH 6 within 30 min of addition of fresh dialysate to the peritoneal cavity (5), so that neutrophils entering the peritoneal cavity after this time will presumably not be adversely affected by the pH. However, the lack of opsonins persists throughout the dwell period and may be a contributing factor to an episode of peritonitis, as may the higher osmolality of the 3.86% dialysate. We have shown adequate opsonic activity in the effluent for some infected patients, but this is variable.
Of more relevance to peritonitis in CAPD patients is our demonstration of a substance or substances in uninfected and infected effluents that inhibit intracellular killing by neutrophils, particularly the killing of S. epidermidis. Buggy et al. (2) have also shown an inhibiting effect of effluent as opposed to unused dialysate on killing of S, aureus by neutrophils. It is possible that we are detecting the same inhibitory factors by a different technique. The nature or source of these factors is not clear at present; it is possible that they are dialysed across the peritoneum from the bloodstream or that they are a product of the peritoneal cavity itself. The action of the inhibitor on neutrophils is also a subject of speculation, but we have shown that the mechanisms responsible for killing S. epidermidis are more sensitive to the inhibitor than are those responsible for killing C. guilliermondii. Killing of Candida spp. is thought to be dependent on the oxygen-dependent myeloperoxidase system (4), while killing of staphylococci may require oxygen-independent mechanisms (12, 13) . It is possible, therefore, that the inhibitor affects oxygen-independent pathways of killing more than it affects oxygen-dependent pathways. Preliminary results on the size of the inhibitor(s) have shown that the molecular mass is less than 1,000 daltons, suggesting that the factor may be one of the middle molecules thought to be responsible for some of the toxic manifestations of renal failure (14) .
From a clinical viewpoint, the presence of an inhibitor of intracellular killing is potentially of great importance. Infecting organisms may be phagocytosed, if there are sufficient opsonins present in the infected effluent, and then sequestered within the neutrophils and protected from antibiotic action. Following breakdown of the neutrophils and after termination of antibiotic therapy, the viable organisms could then reseed the peritoneal cavity, causing a clinical relapse. More effective management of CAPD peritonitis may therefore involve the use of antibiotics able to penetrate neutrophils, such as rifampin, so that killing of intracellular organisms is ensured.
